Objective: Angiotensin II receptor blockers (ARBs) and angiotensin-converting enzyme (ACE) inhibitors are known to reduce proteinuria and have been the first-line agents in the management of diabetic nephropathy for the past 20 years. This review covers recent studies that compare the benefit of additional blockage of the renin-angiotensinaldosterone system through combination therapy with an ACE inhibitor and ARB, or a direct renin inhibitor (DRI), to monotherapy.
Introduction
Diabetes mellitus and hypertension are the leading causes of end-stage renal disease (ESRD), accounting for approximately 40% and 25% of all cases, respectively [1, 2] . Between 20% and 30% of patients with type 1 or type 2 diabetes develop evidence of nephropathy. Patients with type 2 diabetes account for more than half the patients with diabetes who develop end stage renal disease because of the greater prevalence of type 2 diabetes [3] . Factors important in the pathogenesis of diabetic nephropathy (DN) include hyperglycemia, hypertension, lipid abnormalities, albuminuria or proteinuria, ethnicity, genetic predisposition, cigarette smoking, and increasing age [1, 3] .
The clinical course of DN includes an initial increase in glomerular filtration rate (GFR), thickening of the glo-merular basement membrane, expansion of the mesangium, microalbuminuria, proteinuria, and eventually a decline in glomerular filtration [4] . As renal function declines, arterial blood pressure increases. Systemic hypertension further contributes to the rate of progression to nephropathy and eventually the syndrome can progress to ESRD [5, 6] . Since diabetes mellitus, hypertension, and nephropathy all increase the morbidity and mortality associated with cardiovascular disease, interventions that result in blood glucose and blood pressure reduction will reduce the progression of nephropathy and cardiovascular complications [7, 8] .
Approximately two-thirds of all patients with diabetes have hypertension [9] . Blood pressure control, regardless of the antihypertensive agent chosen, can slow the progression of DN [7] . However, clinical studies have shown that angiotensinconverting enzyme (ACE) inhibitors and angiotensin II receptor blockers (ARBs) have slowed the progression of renal disease via mechanisms that cannot be fully accounted for by blood pressure control alone [10] . Treatment with either drug has become the mainstay of therapy for DN for the past 20 years, along with optimization of glycemic and blood pressure control. However, there is interindividual variability in response to these agents, which can be attributed in part to incomplete angiotensin II receptor blockage [4] . Combinations of an ACE inhibitor plus an ARB, or a direct renin inhibitor (DRI), provide additional lowering of albuminuria, but are associated with a higher frequency of adverse events [11] . Diuretics, calcium channel blockers (CCBs), and beta blockers should be used as additional therapy to lower blood pressure in patients already treated with ACE inhibitors or ARBs, or as an alternative for patients who cannot tolerate ACE inhibitors or ARBs [10] .
The objective of this paper is to review recent trials that assessed the effectiveness of combination therapy with ACE inhibitors, ARBs, and other RAS (renin-angiotensin system)-blocking agents. This paper also discusses the outcomes of these studies and the recommended therapeutic options available for attenuating the progression of nephropathy.
Pathophysiology of diabetic nephropathy
Several metabolic and hemodynamic processes contribute to the development of DN. Hyperglycemia may lead to nephropathy by a number of mechanisms, including hypertrophy and thickening of the basement membrane, increased endothelial cell permeability to albumin, and increased matrix protein synthesis [3, 4] . Hyperglycemia may also cause an increase in vasodilatory prostaglandins, which in turn causes an increase in both renal perfusion and intraglomerular pressure, and ultimately results in hyperfiltration [3, 4, 8] . Sustained hyperglycemia is also associated with the formation of advanced glycated end products. The accumulation of these end products in the kidney leads to cytokine production and subsequently to mesangial hyperplasia [4, 8] . In addition, excess glucose is converted to sorbitol by aldose reductase in the kidney through the polyol pathway [8] . An increase in intracellular sorbitol results in the depletion of intracellular myoinositol leading to afferent arteriolar vasodilatation, increased renal blood flow, and increased glomerular capillary pressure. The polyol pathway also causes an increase in oxidative stress and kidney damage. Lastly, hyperglycemia increases the activity of protein kinase C in vascular smooth muscle and endothelial cells, which may also contribute to DN [4, 8] .
Systemic hypertension contributes to the development of DN via associated glomerular hypertension [4, 5, 7] . Hemodynamic factors alter the function of glomerular, mesangial, and epithelial cells which results in an increase in mesangial matrix formation and basement membrane thickening. Vasoregulatory peptides such as endothelial-derived relaxing factor, tissue plasminogen activator, endothelin-1, and platelet-derived growth factor B are also affected by intraglomerular hemodynamic factors. An increase in systemic blood pressure ultimately leads to extracellular matrix accumulation, increased glomerular permeability, proteinuria, and glomerular sclerosis.
There may also be a genetic link to the development of DN [12] . One theory is that a polymorphism of the ACE gene may lead to lower serum ACE levels [13] . As a result, affected patients would have increased angiotensin II activity and resistance to inhibition of ACE. Although this theory seems plausible, current data on this polymorphism are inconclusive. A disproportionate distribution among different races also suggests genetic predisposition. DN is more common in nonWhite populations, specifically African-Americans, Native Americans, Mexican-Americans, Asian-Americans, and those of Pacific Island descent [14] .
Other factors associated with DN include cigarette smoking and elevated total cholesterol levels [15, 16] . Progression to nephropathy tends to be more rapid in smokers compared to nonsmokers [15] . Patients with diabetes and microalbuminuria have been found to have lipid abnormalities including increased low-density lipoprotein (LDL) cholesterol levels, increased lipoprotein(a) levels, and decreased high-density lipoprotein (HDL) cholesterol levels [16] . In patients with type 1 diabetes mellitus, total and LDL cholesterol levels have been found to be independent risk factors for the progression of renal disease [16] .
In patients with diabetes, microalbuminuria is often an early indicator of nephropathy as well as a marker for increased risk in cardiovascular morbidity and mortality [3] . Approximately 80% of patients with type 1 diabetes mellitus will experience an increase in albumin excretion at a rate of 10-20% per year if left untreated [3] . Once albuminuria occurs, glomerular filtration falls at a rate of 2-20 mL/min per year [17] [18] [19] [20] . Within 10 years, approximately half of the patients with type 1 diabetes who developed albuminuria will progress to ESRD [3, 4] . For this reason, it is important to achieve near normoglycemia to delay the onset and progression of increased urine albumin excretion (UAE) [3, 10, 19, [20] [21] [22] . The American Diabetes Association (ADA), American Association of Clinical Endocrinologists (AACE), and International Diabetes Federation (IDF) strongly recommend either an ACE inhibitor or an ARB for patients with moderately elevated (30-299 mg/day) or high levels (≥ 300 mg/day) of UAE [10, 21, 22] . ARBs do not prevent the onset of albuminuria in normotensive patients with type 1 or type 2 diabetes, but have been shown to attenuate the progression from microalbuminuria to macroalbuminuria in patients with type 2 [11] . ACE inhibitors and ARBs are not recommended for the primary prevention of diabetic kidney disease in normotensive normoalbuminuric patients with diabetes [10, 19] .
Therapeutic management of diabetic nephropathy

Protein intake
Some clinicians believe a protein-restricted diet may help delay the decline in renal function. A protein intake of 0.8-1.0 g/kg/ day in patients with macroalbuminuria (UAE >300 mg creatinine/24 hours), and 0.8 g/kg/day in the later stages of chronic kidney disease (CKD) may improve urine albumin excretion rate (UAER) [10] . Despite these recommendations, a Cochrane Systematic Review concluded that studies have not yet clearly demonstrated the benefits of a protein-restricted diet [23] . Further long-term studies are warranted to determine the effects of such a diet on proteinuria, but such a diet may prove useful in reducing urinary protein excretion in patients with worsening nephropathy despite well-controlled blood pressure and blood glucose levels and optimal doses of ACE inhibitor or ARB therapy [10] .
Glycemic control
Strict glycemic control has been shown to delay the progression of diabetes-related microvascular complications. The Diabetes Control and Complications Trial Research Group [24] and UK Prospective Diabetes Study Group [25] reported that tight glycemic control can delay the progression of microvascular complications. The ADA guidelines recommend a glycosylated hemoglobin level of less than 7% in patients with diabetes mellitus; however, more or less stringent glycemic goals may be suitable for individual patients [10] .
Cholesterol control
Patients with diabetes mellitus are at high risk for cardiovascular disease [26, 27] . Aggressive treatment of dyslipidemia is necessary to decrease the risk of macrovascular and microvascular complications. Patients with diabetes mellitus tend to have a unique type of dyslipidemia that consists of elevated LDL and triglyceride levels, reduced HDL levels, and increased platelet adhesiveness, all of which can contribute to the development of arteriolar sclerosis [28] . Arteriolar sclerosis can then result in increased susceptibility to pyelonephritis, papillary necrosis, and tubular lesions of the kidney.
There is also evidence to suggest a relationship between albuminuria and the rate of LDL production [28] . Following glomerular injury and hypoalbuminuria, the liver produces excessive amounts of very-low-density lipoprotein (VLDL). Oxidization of excessive LDL may result in mesangial cell expansion, increased basement membrane permeability, and glomerular damage. Aggressive treatment of dyslipidemia will reduce the risk of cardiovascular disease in patients with diabetes mellitus. Primary therapy should focus on obtaining LDL levels of less than 100 mg/dL, triglyceride levels less than 150 mg/dL, and HDL levels greater than 40 mg/dL for men and greater than 50 mg/dL for women [10] . The National Kidney Foundation currently recommends using LDL cholesterol-lowering medicines, such as statins or a statin/ezetimibe combination, to reduce the risk of major atherosclerotic events in patients with diabetes and CKD [19] .
Blood pressure control
Both systolic and diastolic hypertension accelerate the progression of nephropathy; therefore, aggressive treatment of hypertension may slow the progression of nephropathy. The UK Prospective Diabetes Study Group [29] reported that tight blood pressure control, defined as a blood pressure of less than 150/85 mmHg, reduced the risk of death and complications related to diabetes mellitus. Large prospective randomized studies in patients with type 1 diabetes have demonstrated that maintaining a lower systolic blood pressure (SBP) (<140 mmHg) using ACE inhibitors provides an added benefit over other antihypertensive agents in delaying the progression of DN [30] . The use of ACE inhibitors and ARBs has been found to delay the onset of microalbuminuria in type 2 diabetes with hypertension [30, 31] .
Patients with diabetes and hypertension should be treated to a blood pressure goal of less than 140/80 mmHg [10] .
Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers ACE inhibitors are the oldest class of agents used for the treatment of DN. Inhibition of ACE has been shown to decrease systemic blood pressure, albuminuria, and glomerular capillary pressure [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] . ACE inhibitors exert their effect by inhibiting ACE and blocking the breakdown of vasodilating substances such as bradykinin, and thus normalize glomerular capillary pressure and reduce microalbuminuria (Figure 1 ). With early diagnosis and treatment, ACE inhibitors can delay the progression of nephropathy in patients with microalbuminuria [10, 19, 20] . ADA, AACE, and IDF endorse ACE inhibitors in patients with type 1 diabetes, hypertension, and any degree of albuminuria, and also in patients with type 2 diabetes, hypertension, and microalbuminuria [10, 21, 22] . Numerous studies have established the efficacy of ACE inhibitors in attenuating the progression of nephropathy (Table 1 , Section A) [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] .
Like ACE inhibitors, ARBs reduce blood pressure by decreasing systemic vasoconstriction, reducing aldosterone secretion, and causing vasodilatation of the efferent arterioles of the glomerulus. These drugs inhibit angiotensin II by directly blocking the angiotensin II receptor, thereby decreasing the negative effects of angiotensin II on renal hemodynamics ( Figure 1 ). Unlike the ACE inhibitors, ARBs do not inhibit the breakdown of vasodilating substances such as bradykinin, which is believed to be the reason for lower incidences of dry cough [43] . Angiotensin receptor blockers may play a role in attenuating the progression of DN by reducing systemic blood pressure and slowing UAE. Several trials have shown ARBs to be efficacious in reducing the progression of DN (Table 1 , Section B) [44] [45] [46] [47] [48] [49] [50] [51] . ADA, AACE, and IDF recommend ARBs as initial agents of choice for patients with type 2 diabetes, hypertension, and macroalbuminuria as they have been shown to prevent nephropathy in this population [10, 21, 22] . 
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Inhibition of the RAS by ACE inhibitors or ARBs preserves renal function better than other antihypertensive agents, specifically in people with proteinuria above 1 g per day [3, 21] . The greater the proteinuria at baseline (or during follow-up), the larger the effect of ACE inhibitors compared with other antihypertensive drugs in reducing ESRD [3, 21] . ACE inhibitors and ARBs are not recommended for the primary prevention of diabetic kidney disease in normotensive normoalbuminuric patients with diabetes [10, 19] .
Direct renin inhibitors
DRIs, namely aliskiren (Tekturna ® , Novartis Pharmaceuticals Corporation, USA), inhibit plasma renin activity and thus block the conversion of angiotensinogen to angiotensin I ( Figure 1 ). The decrease in angiotensin I inhibits the formation of the blood pressure-elevating peptide, angiotensin II. However, angiotensin II also acts in a negative inhibitory feedback loop that suppresses the release of renin. When an ACE inhibitor or ARB suppresses angiotensin II, this feedback loop is inhibited and can result in a compensatory increase in plasma renin concentration and thus blood pressure elevation. This problem is avoided with DRI therapy because DRIs inhibit renin directly (Table 1 , Section C) [52, 53, 55] .
A short-term double-blinded, randomized, crossover study compared aliskiren, 300 mg once daily, irbesartan, 300 mg once daily, and the combination using identical doses, with placebo in 26 patients with type 2 diabetes, hypertension, and albuminuria. Aliskiren treatment reduced albuminuria by 48% (95% CI: 27-62) compared with placebo (p<0.001), and irbesartan treatment reduced albuminuria by 58% (95% confidence interval (CI): 42-79) compared with placebo (p<0.001). Combination treatment resulted in a 71% (95% CI: 59-79) reduction in albuminuria which was greater than monotherapy with either agent (p<0.001 and p=0.028, respectively) [54] . DRIs are currently not recommended for the treatment of DN [10, 21, 22] .
Combination therapy
ACE inhibitors and ARBs
Several studies have assessed the efficacy of RAS dual blockade in reducing proteinuria and delaying the progression of DN (Table 1 , Section D) [45, [56] [57] [58] [59] [60] [61] [62] [63] [64] . Some studies have demonstrated no significant differences in the reduction of proteinuria when comparing combination therapy with ACE inhibitor or ARB monotherapy [56] [57] [58] . One proposed explanation for this finding was attributed to the pharmacologic inability of the ARBs to prevent the breakdown of bradykinin, an agent responsible for glomerular efferent vasodilatation and reduction in glomerular filtration rate [56] [57] [58] . Conversely, other studies have shown significant reductions in UAE with combination therapy [45, [59] [60] [61] [62] [63] [64] [65] .
The publication of the ONgoing Telmisartan Alone and in combination with Ramipril Global Endpoint Trial (ONTAR-GET) [65] highlighted the danger of dual inhibition of the RAS, reporting an increased risk of acute dialysis and hyperkalemia in patients prescribed ACE inhibitors and ARBs together. ONTAR-GET enrolled a total of 25,620 participants aged 55 years or older with atherosclerotic vascular disease or diabetes with end-organ damage. After a 3-week run-in period, the patients were randomized to ramipril, 10 mg per day (n=8576), telmisartan, 80 mg per day (n=8542), or a combination of both drugs (n=8502). The frequency of the composite primary outcome of the first occurrence of dialysis, doubling of serum creatinine or death, was similar with telmisartan (n=1147, 13.4%) and ramipril monotherapy The effect of angiotensin-converting-enzyme inhibition on diabetic nephropathy [34] Patients with insulin-dependent diabetes mellitus (IDDM), urinary protein excretion >500 mg/day and serum creatinine (SrCr) <2.5 mg/dL (n=409); 2 groups: captopril, 25 mg three times daily, placebo three times daily SrCr doubled in more patients in the placebo group than in the captopril group (p=0.007) during the 3-year study period.
Ravid et al., Ann Intern Med, 1993
Long-term stabilizing effect of angiotensinconverting enzyme inhibition on plasma creatinine and on proteinuria in normotensive type II diabetic patients [35] Patients with type 2 diabetes mellitus and microalbuminuria (n=94); 2 groups: enalapril, 10 mg daily, placebo daily
In patients treated with enalapril, albuminuria decreased by a greater extent over the first year and after 5 years when compared to placebo (difference in rate of change in proteinuria p<0.05).
Ravid et al., Ann Intern Med, 1998
Use of enalapril to attenuate decline in renal function in normotensive, normoalbuminuric, patients with type 2 diabetes mellitus [36] Patients with type 2 diabetes diagnosed after 40 years of age, baseline mean blood pressure (BP) of <107 mmHg, and albuminuria (n=156); 2 groups: enalapril, 10 mg/day, placebo daily UAE increased to a much greater extent in the placebo group compared to the enalapril group (p=0.001) after 6 years of follow-up; the enalapril group had an absolute risk reduction of 12.5% (p=0.042) for development of microalbuminuria.
The EUCLID study group, Lancet, 1997
Randomized placebo-controlled trial of lisinopril in normotensive patients with insulindependent diabetes and normoalbuminuria or microalbuminuria [37] Patients with IDDM, ages 20-59, with normoalbuminuria or microalbuminuria (n=530); 2 groups: lisinopril, 10 mg daily, placebo daily UAE was lower in the lisinopril group compared with the placebo group (p=0.03) on an intentionto-treat analysis after the 2-year study duration; lisinopril decreased the incidence of renal disease in patients with normoalbuminuria (p=0.10), significantly in those with microalbuminuria (p=0.04).
Viberti et al., JAMA, 1994
Effect of captopril on progression to clinical proteinuria in patients with insulin-dependent diabetes mellitus and microalbuminuria [38] Patients with IDDM, persistent microalbuminuria and no hypertension (n=92); 2 groups: captopril, 50 mg twice daily, placebo twice daily More patients in the placebo group progressed to proteinuria compared to the captopril group (p=0.05) during the 2-year study; UAE increased in the placebo group and decreased in the captopril group (p<0.01). Long-term effect of lisinopril and atenolol on kidney function in hypertensive NIDDM subjects with diabetic nephropathy [41] Patients with NIDDM, hypertension, and DN (n=43); 2 groups: lisinopril, 10-20 mg daily, atenolol, 50-100 mg daily UAE was reduced to a greater extent in the lisinopril group compared to the atenolol group; reductions were 55% and 15% for the lisinopril and atenolol groups, respectively (p=0.01). Renoprotective effects of angiotensin II receptor blockade in type 1 diabetic patients with diabetic nephropathy [44] Patients with type 1 diabetes and persistent albuminuria (n=16); 5 treatment phases each lasting 2 months: patients received losartan 50 mg, losartan 100 mg, enalapril 10 mg, enalapril 20 mg, and placebo in random order Albuminuria and mean arterial BP decreased in both the losartan and enalapril groups compared to placebo (p<0.05); GFR remained the same; no significant differences were found between the losartan 100 mg group and the enalapril 20 mg group.
Brenner et al., N Engl J Med, 2001
Effects of losartan on renal and cardiovascular outcomes in patients with type 2 diabetes and nephropathy [45] Patients with type 2 diabetes and nephropathy (n=1513); 2 groups: losartan (50-100 mg once daily), placebo (both groups permitted the use of conventional antihypertensive therapy) Doubling of the SrCr was reduced in the losartan group compared to placebo (p=0.006) during the mean 3.4-year study period; losartan reduced the progression to ESRD compared to placebo (p=0.002); there was no significant difference between the two groups in decreasing death rate.
Lewis et al., N Engl J Med, 2001
Renoprotective effect of the angiotensinreceptor antagonist irbesartan in patients with nephropathy due to type 2 diabetes [46] Patients with hypertension, nephropathy, and type 2 diabetes (n=1715); 3 groups: irbesartan, 300 mg daily, amlodipine 10 mg daily, placebo daily
The risk of doubling of the SrCr was less in the irbesartan group compared to the amlodipine group (p<0.001) and the placebo group (p=0.003) during the mean 2.6-year study period; the risk of ESRD was less in the irbesartan group compared to the amlodipine and placebo groups (p=0.07 for both); there was no difference between the three groups in regards to death rate.
Parving HH et al., N Engl J Med, 2001
The effect of irbesartan on the development of diabetic nephropathy in patients with type 2 diabetes [47] Hypertensive patients with type 2 diabetes and microalbuminuria (n=590); 3 groups: irbesartan, 150 mg daily, irbesartan, 300 mg daily, placebo daily After 2 years, DN developed more frequently in the placebo group compared to the irbesartan 150 mg group (p=0.08) or the irbesartan 300 mg group (p<0.001).
Barnett AH et al., N Engl J Med, 2004
Angiotensin-receptor blockade versus converting-enzyme inhibition in type 2 diabetes and nephropathy [48] Patients with type 2 diabetes, hypertension, and albuminuria (n=250); 2 groups: telmisartan, 40-80 mg daily, enalapril, 10-20 mg daily After 5 years, telmisartan was found to offer renal protection comparable to that of enalapril (p>0.05).
Viberti and Wheeldon, Circulation, 2002
Microalbuminuria reduction with valsartan in patients with type 2 diabetes mellitus: a blood pressure-independent effect [49] Patients with type 2 diabetes and microalbuminuria, with or without hypertension (n=332); 2 groups: valsartan, 80 mg daily, amlodipine 5 mg daily UAE decreased more in the valsartan group than in the amlodipine group (p<0.001) over the 24-week study duration; UAE was decreased similarly in normotensive and hypertensive patients with valsartan therapy; BP remained similar between the amlodipine and valsartan groups.
Lacourciere et al., Kidney Int 2000
Long-term comparison of losartan and enalapril on kidney function in hypertensive type 2 diabetics with early nephropathy [50] Patients with type 2 diabetes and hypertension (n=92); 2 groups: losartan, 50 mg daily, enalapril, 5 mg daily After 52 weeks, patients treated with enalapril or losartan experienced significant reductions in UAE (p<0.001).
Mann et al., Ann Intern Med, 2009
Effect of telmisartan on renal outcomes: a randomized trial [51] Patients with cardiovascular disease or diabetes mellitus without albuminuria (n=5927); 2 groups: telmisartan, 80 mg daily, placebo daily plus standard treatment After 56 months, albuminuria increased to a lesser extent in the telmisartan group compared to the placebo group (p<0.001). Efficacy of ACE inhibitors and ATII receptor blockers in patients with microalbuminuria: a prospective study [56] Normotensive, type 2 diabetes patients with microalbuminuria (n=34); 3 groups: (1) enalapril, 5 mg daily, (2) losartan, 50 mg daily, or (3) both daily
The UAER decreased by 58%, 59%, and 60% in groups 1, 2, and 3 after 12 months of therapy (p=0.0001, p=0.0002, p=0.0003, respectively).
There was no significant difference between the reduction in UAER between the three groups (p=0.346).
Hebert et al., Am J Nephrol, 1999
Combination ACE inhibitor and angiotensin II receptor antagonist therapy in diabetic nephropathy [57] Patients with DN (n=7); 1 group; week 1: patient's usual therapy of a moderate-to-high dose ACE inhibitor; week 2: usual regimen of week 1 plus oral losartan, 50 mg or 100 mg daily; week 3: return to usual regimen of week 1
There was no difference between the combination therapy group and ACE inhibitor monotherapy group in regards to 24-hour proteinuria.
Agarwal, Kidney Int, 2001
Add-on angiotensin receptor blockade with maximized ACE inhibition [58] Patients with proteinuric moderately advanced renal failure (n=16; n=12 with DN, n=4 with chronic glomerulonephritis): 1 group; month 1: lisinopril, 40 mg daily, plus other antihypertensive therapy; 2-week washout period; month 2: losartan, 50 mg daily, in addition to month 1 treatment Mean 24-hour protein excretion/g creatinine and overall average BP did not change between month 1 and month 2 therapies (p=0.89 and p=0.95, respectively).
Rossing et al., Diabetes Care, 2002
Dual blockade of the renin-angiotensin system in diabetic nephropathy [59] Patients with type 2 diabetes and DN (albuminuria >1 g/day and BP >135/85 mmHg) (n=18); 2 groups, crossover design: group 1: candesartan 8 mg daily plus other antihypertensive therapy (n=15 diuretics, n=11 CCB, n=3 beta blocker), group 2: placebo plus other antihypertensive therapy
The addition of candesartan therapy resulted in a 25% mean reduction in albuminuria (p=0.036) and a 10 mmHg reduction in 24-hour SBP (p=0.019).
Jacobsen et al., Kidney Int, 2003
Dual blockade of the renin-angiotensin system versus maximal recommended dose of ACE inhibition in diabetic nephropathy [60] Patients with type 1 diabetes and DN (n=24): 2 groups, crossover design: group 1 (8 weeks): irbesartan, 300 mg daily, in addition to the patient's usual antihypertensive therapy including enalapril, 40 mg daily, group 2: placebo daily plus the patient's usual antihypertensive therapy including enalapril, 40 mg daily Albuminuria and 24-hour BP were significantly reduced with dual blockade compared to placebo (p<0.001, p<0.005) during the mean 58-day study period.
Rossing et al., Diabetes Care, 2003
Renoprotective effects of adding angiotensin II receptor blocker to maximal recommended doses of ACE inhibitor in diabetic nephropathy [61] Patients with type 2 diabetes, hypertension, and nephropathy (n=20); two groups, 8-week crossover design: candesartan, 16 mg daily, and placebo daily in random order added to usual treatment with lisinopril/enalapril, 40 mg daily, or captopril, 150 mg daily Albuminuria was significantly reduced with dual blockade compared to monotherapy (p<0.001). Combination of half doses of angiotensin type 1 receptor antagonist and angiotensin-converting enzyme inhibitor in diabetic nephropathy [62] Patients with type 2 diabetes (n=27) receiving 10 mg imidapril or 8 mg candesartan per day; 1 group: monotherapy with imidapril 10 mg daily or candesartan 8 mg daily substituted with imidapril 5 mg and candesartan 4 mg daily After 3 months of combination therapy, the log-transformed urinary albumin index was significantly reduced (p=0.003) from an initial urinary albumin index.
Downloaded
Cetinkaya et al., Int J Clin Pract, 2004
Anti-proteinuric effects of combination therapy with enalapril and losartan in patients with nephropathy due to type 2 diabetes [63] Patients with DN (n=22); 3 groups; 2 study periods: enalapril, 10 mg daily, or losartan, 50 mg daily, for 12 weeks; then 10 patients (5 from the enalapril and 5 from the losartan group) received 10 mg daily of enalapril and 50 mg daily of losartan for 12 weeks; 12 patients (6 from each group) received double doses of monotherapy (6 received 20 mg daily enalapril, 6 received 100 mg daily losartan) for 12 weeks
Albuminuria was decreased to a greater extent in the combination group than in either of the monotherapy groups (p<0.05 for both).
Mogensen et al., BMJ, 2000
Randomised controlled trial of dual blockade of renin-angiotensin system in patients with hypertension, microalbuminuria, and non-insulin dependent diabetes: the candesartan and lisinopril microalbuminuria (CALM) study [64] Patients with microalbuminuria, hypertension, and type 2 diabetes (n=199): 3 groups: candesartan, 16 mg daily, lisinopril, 20 mg daily, combination candesartan, 16 mg daily, and lisinopril, 20 mg daily
The combination group decreased albuminuria and BP to a greater extent than either the lisinopril and candesartan groups alone (p<0.001 for all).
Mann et al., Lancet, 2008
Renal outcomes with telmisartan, ramipril, or both, in people at high vascular risk (the ONTARGET study) [65] Patients 55 years of age or older with atherosclerotic vascular disease or diabetes with end-organ damage (n=25,620): 3 groups: ramipril, 10 mg daily, telmisartan, 80 mg daily, or a combination of both drugs
The increase in UAE was less with combination therapy (p=0.001) or telmisartan (p=0.004) than with ramipril. There was no significant difference between the telmisartan or ramipril groups in regards to the risk of developing new microalbuminuria, macroalbuminuria or both during the study (p=0.119); however, the risk was significantly lower with combination therapy than with ramipril (p=0.003). Of those patients with microalbuminuria at baseline, there was no difference in progression to macroalbuminuria between telmisartan and ramipril (p=0.114); however, fewer patients progressed to macroalbuminuria in the combination group compared to the ramipril group (p=0.019). Aliskiren in combination with losartan reduces albuminuria independent of baseline blood pressure in patients with type 2 diabetes and nephropathy [67] Patients with hypertension, type 2 diabetes and nephropathy (n=599): 2 groups: aliskiren (150 mg force-titrated to 300 mg daily after 3 months) or placebo added to losartan (100 mg) daily and optimal antihypertensive therapy. Participants of the ONTARGET study were recruited from a population with reduced autoregulatory capacity by the kidneys thus placing them at greater risk for adverse renal events. However, patients at high risk for acute kidney injury and hyperkalemia represent a significant component of clinical practice that would be considered for combination therapy, increasing the generalizability of the study. A further analysis was conducted to test the effect of dual blockade of the RAS on strokes in subjects with diabetes mellitus (either a history of diabetes or a fasting plasma glucose >7 mmol/L) given that dual blockade is often used to reduce albuminuria [66] . A subgroup analysis was conducted to examine the effects of addition of ramipril to telmisartan in subjects with diabetes (n=9628, mean age 66 years, baseline blood pressure 144/82 mmHg, body mass index 29 kg/m 2 ) divided into those with (n=3163) and without (n=6465) nephropathy. The authors compared participants on monotherapy with either ramipril or telmisartan with those on dual therapy [66] .
Direct Renin Inhibitor
There was a greater reduction in SBP with dual versus monotherapy (-7.1 vs -5.3 mmHg; p < 0.0001), but a similar number of strokes between groups (1.19 vs 1.22 per 100 patient years; HR: 0.99, 95% CI: 0.82-1.20). Stroke rate was higher in participants with DN than those without (1.5 vs 1.0 per 100 patient years), but the effects of dual therapy compared with monotherapy were not different in participants with DN and those without DN (1.59 vs 1.55 and 1.01 vs 1.08 per 100 patient years; p value for interaction = 0.60). Other cardiovascular and kidney outcomes (dialysis or doubling of serum creatinine) did not differ between combination therapy and monotherapy in subgroups [66] . The incidence of dialysis-dependent acute kidney injury was higher in subjects receiving combination therapy than in the monotherapy group, 0.14 compared with 0.08 cases per 100 patient years (HR: 1.55, 95% CI: 0.84-2.85), and hyperkalemia was more frequent, 1.82 compared with 1.07 cases per 100 patient years (HR: 1.71, 95% CI: 1.44-2.02). Both adverse outcomes were more frequent in those with renal disease; however, the excess due to dual therapy was similar in those with and without renal disease [66] .
Symptomatic hypotension (191 cases) occurred more frequently with combination therapy than with monotherapy (HR: 2.30, 95% CI: 1.74-3.04); the risk for hypotension with combination therapy was 1.51-fold higher than with monotherapy in those with a significant renal disease but 2.87-fold higher in those without (p value for interaction=0.05). Syncope was rare (five vs four cases) [66] .
The authors concluded that due to the lack of clinical benefit, and a greater incidence of adverse renal events, dual blockade of the RAS, combining an ACE inhibitor, an ARB or aliskiren, is not recommended in patients with type 2 diabetes with or without nephropathy.
Direct renin inhibitor combinations
The first large clinical trial in patients with type 2 diabetes was the Aliskiren in the Evaluation of Proteinuria in Diabetes (AVOID) study (Table 1 , Section E) [67, 68] , which randomized 599 hypertensive patients with type 2 diabetes and nephropathy to 6 months of aliskiren (150 mg force-titrated to 300 mg daily after 3 months) or placebo added to losartan (100 mg) daily and optimal antihypertensive therapy. Patients were divided into three groups based on blood pressure level at the time of randomization (Group A: prespecified blood pressure target, <130/80 mmHg (n=159); Group B: intermediate blood pressure control, <140/90 mmHg but ≥130/80 mmHg (n=189); and Group C: insufficient blood pressure control, ≥140/90 mmHg (n=251)). The combination of losartan and aliskiren resulted in a 20%-greater decrease in the urinary albumin/creatinine ratio (UACR) compared to the losartan and placebo group. This decrease was consistent across baseline blood pressure groups although it was statistically significant only in hypertensive subjects (Group C, p=0.044) [67] .
There were significantly more reported symptoms of hypotension among the aliskiren-treated patients in Group A compared with placebo patients (p=0.005), but no patient in Group A discontinued the study as a result of hypotension. The results of this study prompted further investigation into the benefit of combining aliskiren with an ACE-inhibitor or an ARB.
The Aliskiren Trial in Type 2 Diabetes Using Cardiovascular and Renal Disease Endpoints (ALTITUDE) study [68] was conducted to determine whether the DRI aliskiren would reduce cardiovascular and renal events in patients with type 2 diabetes and CKD, cardiovascular disease, or both. This multicenter double-blind, placebo-controlled trial randomly assigned 8561 patients to aliskiren, 300 mg daily, or placebo in addition to an ACE inhibitor or ARB. The primary cardiorenal endpoint was the time to cardiovascular death or a first occurrence of a cardiovascular event (e.g., cardiac arrest with resuscitation; nonfatal myocardial infarction; nonfatal stroke; ESRD; death attributable to kidney failure; or doubling of the baseline serum creatinine level). While the mean reduction in the UACR was greater in the aliskiren group (between-group difference 14%, 95% CI: 11-17), the proportion of patients with hyperkalemia (serum potassium level ≥6 mmol/L) was significantly higher in the aliskiren group compared to the placebo group (11.2% vs 7.2%; p<0.001), as was the proportion with reported hypotension (12.1% vs 8.3%; p<0.001). After a median follow-up of 33 months, the primary endpoint had occurred in 783 patients (18.3%) assigned to aliskiren compared with 732 (17.1%) assigned to placebo (HR: 1.08, 95% CI: 0.98-1.20; p=0.12). The Data Monitoring Committee recommended early termination of the trial because the excess risk of adverse events did not offset the benefits in the reduction of cardiovascular and renal events.
Harel and colleagues [69] conducted a systematic review which included 10 studies that compared combined treatment, using aliskiren with an ACE inhibitor or an ARB, with monotherapy using these agents. The risk of hyperkalemia was significantly higher among subjects given aliskiren in combination with an ACE inhibitor or ARB than among those given ACE inhibitor 
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or ARB monotherapy (relative risk: 1.58, 95% CI: 1.24-2.02; risk difference 0.02, 95% CI: 0.01-0.04; number needed to harm 43, 95% CI: 28-90; I 2 =0). However, the risk of acute kidney injury did not differ significantly between participants given aliskiren in combination with an ACE inhibitor or an ARB than among those given ACE inhibitor or ARB monotherapy (relative risk 1.14, 95% CI: 0.68-1.89; I 2 =30%) or aliskiren monotherapy (relative risk 0.80, 95% CI: 0.31-2.04; I 2 =0%). Adverse events were infrequent, which meant that many of the studies pooled in this meta-analysis did not have an adequate sample size to assess safety outcomes. Harel and colleagues indicated that the populations studied varied widely and included patients with hypertension, diabetes, congestive heart failure, and recent acute coronary syndrome, who may possess differential risks for hyperkalemia and acute kidney injury. However, the original study data on these subjects were not available to Harel and colleagues, which limited their ability to account for the differences in the risk for hyperkalemia and acute kidney injury between the different groups. While this heterogeneity among the studies limited the ability to identify differences in risk of adverse events between the groups, it is our opinion that it increases the generalizability of this review since patients at high risk for hyperkalemia and acute kidney injury represent a significant component of clinical practice that would be considered for combination therapy.
Conclusions
Complications of diabetes, particularly renal and cardiovascular disease, substantially increase the risk of subsequent severe illness and death. The use of ACE inhibitors and ARBs has been shown to reduce the incidence of major cardiovascular events and delay the progression of DN [10, [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] . DRIs have also been found to delay DN [52] [53] [54] [55] . Theoretically, further reduction of proteinuria by combined ACE-inhibitor and ARB or DRI therapy might have been expected to protect the kidney from chronic kidney failure compared with monotherapy with these agents alone. However, the ONTARGET and ALTITUDE trials have shown that combination therapy with RAS blockade in patients with type 2 diabetes who are at high risk for cardiovascular and renal events is associated with hyperkalemia, hypotension, and/ or acute kidney injury/failure and should be avoided [65] [66] [67] [68] [69] . Due to the lack of clinical benefit, and a greater incidence of adverse renal events, dual blockade of the RAS, combining an ACE inhibitor, an ARB or aliskiren, is not recommended in patients with diabetes. Diuretics, CCBs, or beta-blockers can be used if there is a contraindication to the use of an ACE inhibitor or an ARB, or in combination with an ACE inhibitor or ARB if treatment goals are not yet obtained.
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